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ABSTRACT

Data for 21 years (1957-77) of North Pacific rawinsondes were examined to investigate the interaction
between the synoptic-scale circulation and tropical cyclones prior to, and during, the recurvature process. This
study is believed to be the first to quantitatively examine how the environmental wind fields at all levels of the
troposphere are related to tropical cyclone motion prior to, and during, recurvature. For tropical cyclones that
recurve, significant changes in the upper-tropospheric zonal wind fields were observed 1-2 days prior to beginning
recurvature in the environmental sector northwest of the storm. Cyclones actually began to recurve when
positive zonal winds (westerlies) penetrated the middle and upper troposphere to within 6° of the cyclone’s
center. Tropical cyclones that did not recurve consistently showed negative zonal winds at this radius.

From the results of this study, a recurvature forecasting scheme was developed that uses environmental wind
field data for the region northwest of the cyclone. This recurvature scheme was tested on 55 tropical cyclones
that developed in the northwest Pacific during 1984-86. In general, the movement of these cyclones was found
to be fairly well related to the mid- and upper-tropospheric wind fields in areas north, northwest, and west of
the cyclone. This recurvature scheme was also applied in real time as part of the Tropical Cyclone Motion
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Experiment during the summer of 1990 in the northwest Pacific, and was found to show promising results.

1. Introduction

It is well known that, to a large extent, the large-
scale environmental wind fields surrounding a tropical
cyclone act to govern the motion of the cyclone. Com-
plications in assessing the environmental steering flow
arise when westerlies associated with a midlatitude
trough appear to the north and west of the cyclone.
Previous research by George and Gray (1976 ) showed
that when the upper-tropospheric (200 mb) zonal
component of the environmental wind field in areas
8°-20° poleward of the cyclone was positive and
strong, the cyclone was likely to begin turning to the
right of its previous westward track and, thereby, re-
curve. Guard (1977) employed the results of George
and Gray to improve forecasts of recurvature and mo-
tion changes for northwest Pacific cyclones. Guard
found that in the presence of 200-mb patterns with
characteristics similar to those of George and Gray’s
study, 75% of westward-moving cyclones underwent
recurvature, with the remaining 25% tending to con-
tinue moving westward.

Gentry (1983) also showed that the current location
of westerlies in relation to the cyclone governed sub-
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sequent track changes. Gentry found that when the
mean upper-tropospheric (~200 mb) zonal wind
1500-2000 km northwest and west of the cyclone ex-
ceeded 20 m s™!, 80% of the cyclones recurved before
traveling more than 12° longitude farther west. This
result is similar to Guard’s results in that about the
same percentage of the cyclones in Gentry’s study ac-
tually recurve when strong westerlies were located at a
specified radius poleward of the cyclone.

It has been inferred from these studies that although
positive 200-mb zonal winds to the north and west of
the cyclone are a prerequisite for recurvature, they are
not a sufficient condition for recurvature to actually
occur. It is likely that westerly winds must penetrate
both closer to the center of the cyclone and downward
through the midtroposphere to cause recurvature to
commence. This paper examines more closely how the
zonal component of the environmental wind field in-
teracts with the outer (6°-8°) circulation of the cyclone
prior to, and immediately after, the cyclone begins the
recurvature process.

We begin (section 2) with a brief description of the
rawinsonde datasets and compositing procedures used
in the study, and then make an extended discussion of
the results in section 3. In section 4, we apply these
results to describe a simple objective recurvature fore-
casting scheme based on observed values for a recur-
vature potential that is derived from environmental
flow data for areas adjacent to the west Pacific tropical
cyclones.

2665

© 1993 American Meteorological Society






